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ABSTRACT 
Due to recognized benefits of Lean Production in the world, companies of all kinds and sizes are trying 
to implement the techniques to this production system. However, in their haste to reach short-term 
benefits of Lean Production, companies deploy sporadic and occasionally their tools without a clear link 
to global strategies. As a result, the majority fails in its attempt to be a Lean company and back to their 
old manufacturing systems.  
Nowadays it can also be applied the Theory of Inventive Problem Solving (TRIZ) by proposing a new 
approach to the Japanese Method of Lean Production. Traditionally, the effectiveness of new process is 
unpredictable as process relies largely on inspiration and the past experiences of the producing system. 
By integrating TRIZ problem-solving tools and its knowledge base, it’s proposed a new TRIZ-based 
approach to address this weakness in the processes. Through the case study, the combination of TRIZ 
methodology with Lean Production proposed model is verified. This demonstrates the helping relevance 
of TRIZ to the processes improving it. It is hoped that this case study will raise awareness among 
researchers so that more studies in this direction are conducted because TRIZ is a new approach 
methodology so it isn't yet too developed at this time. 
Using both methodologies (Lean and TRIZ) the goal wasn’t reached. It was supposed the changeover 
take less then 10 minutes and still more. Although it was a success using them together because the 
system improve. Using just SMED the system would improve “just” 56% but using SMED and TRIZ 
techniques the system was improved, using less 87% of the time taken in the beginning. 
As a result, it was found that Lean is best used when the tools are applied in combination with TRIZ 
Methodology. Combining these two methods the production become quicker and effective reducing the 
waste. 
KEY WORDS 
Continuous Improvement. Lean Production. Production System. SMED. TRIZ. 
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1.  INTRODUCTION 
Is the scope of the master thesis of Industrial Engineering and Management (Mestrado Integrado em 
Engenharia e Gestão Industrial – MIEGI) by Minho University that this research project is developed 
during the second semester of the fifth year of the master studies in 2012/2013 and was realized at 
Technical University of Liberec – Czech Republic. 
This chapter is related to the introdution of the work and also contemplates the framework, the 
objectives outlined, the research methodology applied and it ends with the structuring of this master 
thesis. 
1.1  Framework 
Nowadays, competition in the industry sector for better products is global. Companies are finding 
difficulties to compete with those outside that use cheaper labor, cheaper materials, and face fewer 
regulations while manufacturing similar products. 
Some companies are embracing a business philosophy known as Lean Production to compete 
successfully in the global market. In the industry, the approach offers firms a management philosophy 
and business tools that help them become more efficient and, therefore, more competitive. While 
common industries such as automotive and aerospace, LP isn’t widespread in other traditional sectors, 
which have been conservative in adapting new technologies and methods (Blanchard, 2010). 
The challenge for the survival of organizations, together with the competitiveness and technological 
agility, did emerge new management techniques, which seek to keep the organizations in an 
environment of constant change, developing administrative systems efficiently agile and strong enough 
to the standards set by the new economic formation of society. Economic globalization and the rapid 
emergence of new technologies and continuous impose themselves as an way to mobilize organizations 
to obtain the maximum degree of competitiveness, modernity and quality, in order to ensure their 
survival and growth. As stated above, it’s the concept of Lean Production (Reinertsen, 2005). 
Although it started in the automotive industry, Lean Production philosophy is used in companies of 
various activities, from raw materials to the delivery of services to manufacturing. 
Even the evolution of the technology and the sophistication of machinery the basic principle of this 
philosophy is to combine new management techniques using what already exists (resources, machines, 
etc) to produce more with fewer resources and less manpower. The Lean Production system, arrives 
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from the need of Japanese companies in the automotive sector, in particular the Toyota Motor 
Company, developing different methods of manufacturing at vehicle industry against the ones used by 
American industry, where the highlight was the system of mass production of the Ford Company and 
General Motors, because they realized they could not compete on the same concepts. This resulted in a 
new model of production system, known as Lean Production System and the Toyota Production System 
(Lean Production) (Liker & Convis, 2011), (Levinson, 2012). The term "Lean" was originally coined in 
the book "The Machine that Changed the World" of Womack, Jones and Roos published in the U.S. in 
1990. In this book, it is clear the advantages of performance Toyota Production System: large 
differences in productivity, quality, product development etc..and explains to a great extent, the success 
of Japanese industry. 
A new aproach has been developed to be a help tool to other methods. This new russian method is 
called TRIZ. TRIZ is "Theory of Inventive Problem Solving" and it is based on the "Principles of 
Invention" extracted from the history of technological innovations. It has 2.5 Million patents over the 
world were analyzed for condensing their innovative essences. 
TRIZ is an handy innovative problem solving method which, when correctly implemented, overrides the 
searching trial-and-error method to vulnerability-free definitions. TRIZ is frequently hybridized with other 
methods. In product development, many people use QFD (Quality Function Deployment) or other 
methods of studying the customers needs and wants, then combining that knowledge with TRIZ 
(especially patterns of evolution) to decide what to emphasize in the new product or system. Many 
articles can be found in the TRIZ Journal about Six Sigma, Lean or Theory of Constraint. These methods 
are used to understand the problem, then TRIZ is used to solve the problem (Kaplan, 1996). 
TRIZ methodology is now applicable on personal computers with the software IHS Golfire which helps to 
find patents and ideas for innovative processes and products. 
1.2  Goals 
This master thesis has the objective to apply the technique of Single Minute Exchange of Die (SMED) of 
the Japanese Methodology of Lean Production to an Automated Testing Equipment (ATE). SMED in 
combination with the Russian Method of the Theory of Inventive Problem Solving (TRIZ) helps to reduce 
the changeover time at the industry of semiconductors. 
Some of the goals of this project were: 
• Reduce the setup time; 
• Reduce wastes; 
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• Reduce delivery time; 
• Reduce the defects caused by the start of the process; 
• Improve start up process; 
• Increase productivity; 
1.3  Research Methodology 
To a project be successful is needed to predefine a guideline (Figure 1), being necessary define the 
research methodology to use.  
To define the research methodology, it should take into account the specificity of the scientific object. 
After knowing the scientific object, must be passed the basic principles involving the planning of 
research and then characterize the basic rules and techniques that lead to the preparation and writing 
of scientific work. Therefore, starts the development of scientific work (Saunders, Lewis, & Thornhill, 
2002). 
 
F igure 1 -  The Research Process 
In this project, the following methodology was a research of surveys and case studys (Figure 2). The 
choices made in the methodology should be the pretense of describing the main features of the TRIZ 
methodology which is a new methodology and poorly publicized.  
In order to know more about the methodology has been chosen an exploration object which has the 
most common questions such as "how?" so it has arguments to respond to. With these surveys must 
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also be based on case studys to explore and try to somehow complete studies already made with 
personal touch, formulating new hypotheses and making improvements.  
The advantages of this process is the existence of direct knowledge of reality, quantification and quickly 
due to the availability of data. But there are also disadvantages. Generalization is the principal one due 
to the limited control of external variables (cause-effect relationships) and might occur weak perception 
due to the assimilation of evolutionary phenomena (cross-sectional) (Gilham, 2000). 
 
F igure 2 -  Case study 
1.3.1 Primary Data 
The primary data are those which are collected afresh and for first time and thus happens to be original 
in character. There are 4 most used types of primary data collection: 
• Direct observation; 
• Interviews; 
• Questionnaires; 
• Scheduled methods. 
In this case was used the direct observation in “Gemba”, a Japanese word that literally means "the real 
place", used in business process improvement contexts to refer to the place where value is added, such 
as a manufacturing area or a workshop. A related term, "Gemba Kaizen", is used in Japanese process 
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improvement initiatives to mean continuous improvement on the shop floor, where production takes 
place. 
The goal of gemba is to add value to products, to fully understand the gemba behaviors and the current 
reality of the situation more clearly, from a direct observation and also observe the wastes might be 
happening in the productive system to try improve the quality control system which by Dr. Kaoru 
Ishikawa “consists of developing, designing, producing, marketing and servicing products and services 
with optimum cost-effectiveness and usefulness, which customers will purchase with satisfaction” 
(Ishikawa, 1990). 
Respect others and strengthen the culture. Gemba requires direct interaction with employees as they 
work. This can easily cause tension between upper management and employees if the employee feels 
uncomfortable about being observed if work incorrectly. However, to get the full value of gemba one 
must engage themselves with the employee directly while they work, not from a distance. Keeping an 
equal respect for everyone should be commonsense, especially in the gemba (Figure 3). 
 
F igure 3 -  Team Member Feedback 
The observer should do all the tasks also himself to understand better the process so he could have a 
better knowledge of what he should change. He’ll have a better idea how each step function, the time 
each step takes and the failures it can exist to improve them. 
Interviews with the workers are also too important because are the workers who are day by day making 
the processes. Better then no one they know their difficulties and also they could have ideas of what to 
change to make their work easier and quicker. 
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1.3.2 Secondary Data 
Secondary data means that are already available, so they refer to the data which have already been 
collected and analyzed by someone else. When the researcher utilizes secondary data, then he has to 
look into various sources from where he can obtain them. In this case he is certainly not confronted 
with the problems that are usually associated with the collection of original data. This data can be 
obtained by some ways like: 
• Historical data review; 
• Literature review; 
• Technical studies database; 
• Worker skills. 
To successfully manage an improvement it’s important to use historical reviews performing a complex 
juggling act of time, budget, and resources without dropping any of these elements. If something goes 
well or fails it's critical for to record and build on that knowledge in order to improve future results. It 
helps to develop better estimates, and reduce hours invested in document creation by leveraging 
templates from past data. 
Research literature reviews can be contrasted with more subjective examinations of recorded 
information. When doing a research review, you systematically examine all sources and describe and 
justify what you have done. This enables someone else to reproduce your methods and to determine 
objectively whether to accept the results of the review. There should be clear links between the aims of 
your research and the literature review, the choice of research designs and means used to collect data, 
your discussion of the issues, and your conclusions and recommendations. 
The technology database is meant to represent an important scientific and didactic source for the 
subject technology. The further intention is to include the latest results of research, including that 
gained from all over the world technical learning processes, and to maintain user experiences in the 
form of evaluated samples. 
Employees value meaningful work over other retention initiatives. Survey respondents who reported 
their companies use their skills effectively are more likely to report they plan to stay with their current 
employer and help him to go further. 
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1.3.3 Overall Flow 
The overall flow is showed in the next figure (Figure 4) in fluxogram: 
 
Figure 4 -  Overa l l  Research F low Process 	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1.4  Thesis Organizat ion 
This thesis is organized into seven chapters. The first chapter is the introduction of the thesis which 
gives the framework of the study, also has its goals, characterizes and gives the justification of the 
investigation methodology and reports the thesis organization. 
The second chapter is about the literature review where the theoretical foundation is written. This 
chapter will focus on the theory of Lean Production methodologies and TRIZ methodologies. 
The third chapter is about the research methodology explaining how the data was collected and what 
type of data it is to know how to use it, ending with the overall flow. 
The forth chapter is the identification of the problem based on the data we collect. Here it’s explained 
the past/present situation of the system and why to change what it’s already done followed by the 
detailed review of the case study and ending with an explanation of the current situation changeover 
process. 
In the fifth chapter the countermeasures will be exposed with the improving proposals to overcome 
some problems found. 
The sixth chapter present the results and discussions of the application of the countermeasures to 
improve the changeover process splited by hardware, process and human dynamics passing by the 
overall improvement of the system. Then it has a brief of an economical analyse of the changes by the 
improvements and then a critical evaluation of the new changeover system finishes this chapter with 
further suggestions for future improvements. 
The last chapter is about the conclusion of the case study and thesis goal. 
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2.  LITERATURE REVIEW 
This chapter concerns to literature review and begins with a brief historical of Lean Production 
approaching their principles and wastes, defining then the identified tools which are focusing with more 
detail of SMED. The last part is an introduction to the TRIZ Methodology with its tools and principles. 
After some research and analyzing techniques used in articles and texts of combination of Lean and 
TRIZ with more focus to SMED technique it was concluded that the most used 
tools/techniques/principles of TRIZ combined on Lean were 40 Principles, Functional Analysis and 
Trimming. Less than these 3 but also with some focus were Standard Solutions and Thinking in Time & 
Space (Figure 5). 
 
F igure 5 -  Frequency of  TRIZ too ls/techniques/pr inc ip les combined wi th Lean 
In Lean the goal is to eliminate waste. The goal of TRIZ is to provide innovative ideas/solutions to 
improve the system or at least to minimize the waste. In title of ending, the summary of this master 
thesis, it can be concluded that TRIZ is an helpful methodology to Lean and a big complement to fill the 
gaps which Lean can't reach so well (Figure 6). 
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F igure 6 -  E f fect iveness of  the combinat ion between Lean and TRIZ 
2.1  Lean Product ion 
The Lean Production originated in Japan in the period after World War II, whose prominent application 
was at Toyota Motor Company. Devastated by war, Japan hadn’t the resources to carry out high 
investments required for the deployment of mass production that characterized the system 
implemented by Henry Ford and General Motors (Pascal, 2007). Furthermore, in the country were 
other series of problems and challenges to be overcome as limited domestic market and demanding 
wide variety of products, labor, organized labor, the existence of several vehicle manufacturers in the 
world, interest in joining Japan between others. From there came the need to create a new 
management model, rising thus the Toyota Production System or Lean Production (LP), structured by 
Taiichi Ohno, Vice-President of Toyota. 
The fundamental goals of this new system characterized by quality and process flexibility, expanding 
their ability to produce and compete on the international stage. The concept of Lean Production has 
spread across the world and there are several definitions of this philosophy, as shown below: 
"The elimination of waste and unnecessary elements in order to reduce costs, the basic 
idea is to produce only what is needed, when needed and in the required amount” (Ohno, 
1997). 
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"The search for a production technology that uses the least amount of equipment and 
hand labor to produce goods without defects in the shortest possible time, with minimum 
intermediate units, understanding how waste is any element that does not contribute to 
service quality, price or time required by the customer. Eliminate all waste through 
concerted efforts of management, research and development, production, distribution and 
all departments of the company” (Shinohara, 1988). 
"There confer maximum number of functions and responsibilities all workers who add 
value to the product line, and adopt a treatment system defects immediately triggered the 
each problem identified, capable of achieving its root cause” (Womack et al, 1990). 
2.1.1 Lean Production Basis 
The basis of LP is the combination of management techniques to produce more with fewer resources. 
LP differs both from craft production as mass production. In craft production, highly skilled workers, 
using hand tools, manufacture each product according to the buyer's specifications, made one at a 
time. Already in mass production, specialized professionals design products that are manufactured by 
unskilled or semi-skilled operator expensive equipments with specific purposes, producing standardized 
products in large quantities. In mass production, the idle time needs to be avoided, because the 
machinery has a very high cost. The management then adds a "reservation" in the form of extra 
inventory and workers to ensure the availability of inputs or the production flow is not slowed. Due to 
the high cost of investment in machinery, adaptation to manufacture new products is prevented and the 
consumer is the one who benefits from low prices at the expense of variety (Black & Miller, 2008). 
However, Lean combines the advantage of handcraft production, while avoiding the high cost, with 
mass production, avoiding the inflexibility by using some tools (Figure 7). To achieve these production 
objectives, management brings together teams of workers with various skills at every level of the 
organization, to work alongside machines, producing small quantities with a large variety of goods of 
choice. The production can be called as Lean because it uses less of everything compared to mass 
production – less human effort in the factory, smaller footprint, lower investment in equipment (Ndahi, 
2006). 
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F igure 7 – Some Lean Tools 
One of the fundamental concepts of LP is continuous improvement (Kaizen), considered the key to the 
success of Japanese methods of production. The Japanese production system is set up to encourage 
change and constant improvement as part of daily operations. To achieve Kaizen, management 
leverages the collective experience of all its employees and values the solution of problems together. 
The LP emerged as an integrated manufacturing system or methodology whose focus is to optimize the 
processes and procedures through continuous reduction of waste, for example, excess inventory 
between workstations and high wait times (Imai, 1986). Its main objectives are: 
• Integration and optimization of the manufacturing system (Figure 8) : it‘s necessary to integrate 
all parts of the manufacturing system, always seeking to optimize the system as a whole. Any 
process or activity that does not add value to the product is waste and must be eliminated. 
Integration and optimization of a manufacturing system is a continuous process of reducing the 
number of stagnation steps, necessary to complete a particular process (Imai, 1997). 
Using TRIZ Methodology with Lean Manufacturing Techniques applying SMED method in Industrial Environment	  
13 
 
F igure 8 -  In tegrated Manufactur ing System 
• Quality (Figure 9): pull system requires a precise and productive environment that provides 
quality products. Each production process must pass quality products to the next step, i.e. the 
quality should be ensured throughout the whole process. The Lean Production requires that 
each person involved in the production process be educated and trained to accept 
responsibility for the level of quality of their work (Besterfield, 2003). 
 
F igure 9 -  Qual i ty  cyc le 
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• Process flexibility (Figure 10): is to minimize the restriction factors in production. Being flexible 
is the ability to quickly obtain materials and preparing a production process in short time and 
with minimal cost, that is, be able to withstand variations in demand (Ortiz, 2009). 
• Production according to the demand (Figure 10): the company has to organize its production 
according to customers' requests, for they are the reason for a company. It makes no sense to 
produce what customers do not want (Kirchner, 2013). 
 
F igure 10 -  Supply  and demand chain 
• Maintain commitment to customers and suppliers (Figure 7): keep appointments is the final 
link that allows individual manufacturers to join in a continuous manufacturing process. 
Suppliers, customers and employees need a clear position of senior management that the 
company wants to remain competitive in the market. Plan to keep appointments is a process to 
determine the steps necessary to meet the delivery plans, quality levels and profit margins 
(Modarress, Ansari & Lockwood, 2005). 
• Reducing the cost of production (Figure 11): the goal is more obvious and feasible with the 
implementation of LP, declaring "war" to waste and so determined and sustained cost 
reduction seeking of the manufacturing process as a whole (Huda & Preston, 1992). 
 
F igure 11 -  Strateg ic Source P lanning 
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All the above objectives have been established aiming to expand the company production capacity to 
compete in this global scenario. The goals posed by LP for the various production problems are: zero 
defects, zero preparation time (setup); zero inventory, zero movement, zero breaks batch unit (one 
piece) and zero lead time.  
Thus, the essence of the Toyota Production System is the relentless pursuit of eliminating any and all 
loss. At Toyota this principle is known as "the principle of non-cost". By traditional logic, the price was 
set by the company that added the cost of producing the profit (Net Price = Cost). However, with the 
increasingly fierce competition and increasingly demanding consumers, the price shall be determined 
by the market (Price - Cost = Profit). Analyzing the second formula, we arrive at the conclusion that the 
only way to increase or maintain profit is reducing costs (Kirchner, 2010). 
For disposal of these wastes and to reach the goals established, Lean Production makes use of a set of 
techniques and tools such as Cellular Layout, Kanban, the Value Stream Mapping, among others 
(Middleton, Taylor, Flaxel & Cookson, 2007). 
2.1.2 8 Wastes 
In Ohno’s (1997) view, Lean Production is the result of the elimination of seven types of waste classics, 
also called losses existing within a company. Nowadays, it’s known one more waste which it wasn’t 
considered at that time. 
Below is Figure 12 relating the seven types of losses described by Ohno (1997) plus the eighth wastes 
with people, quantity and quality. 
 
F igure 12 -  8 wastes 
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It’s observed from the figure that the quality of the product, quantity produced and people are directly 
linked to the eight types of loss. Losses for processing, for motion and waiting time are related to hand 
labor. Already losses for overproduction, transport and stock are being influenced by the quantity of 
production. Finally, the loss due to reworking defective products and refers to the quality of the product. 
Shigeo Shingo says that “The most dangerous kind of waste is the waste we do not 
recognize“ (Shingo, 1985). 
Therefore, focusing on these three points, people, quality and quantity, it is possible to minimize, if not 
eliminate, the types of losses in the process (Bicheno, 1994). 
 Overproduction loss 
The loss may be by overproduction quantity (Figure 13), which is output beyond the scheduled volume 
(leftover pieces), or by anticipation, that is the loss by producing prior to the time necessary for 
manufactured products that will be stored awaiting the opportunity to be consumed or processed by 
later steps. This type of loss is the worst because, besides being very difficult to eliminate, creates a 
countless number of other waste, such as storage area, deterioration, energy costs, maintenance of 
equipment, hided from operational and administrative problems through "safety stocks". 
Lean Production infers to produce only what is needed at the moment, and with this, reduces the setup 
time, which synchronize with the output demand, which is compact plant layout, and so on (Hoeft, 
2007). 
 
F igure 13 -  Overproduct ion 
 Waiting time loss 
This type of loss is the time when no processing, transportation, or inspection is performed (Figure 14). 
There are three types of loss expected: in the process, when there is a failure or delay in the raw 
material and a whole lot is waiting for the machine to start production lot; when parts have gone 
through the same process and have to wait by all other parts of the lot and the operator to be able to 
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follow the next step, when the worker remains idle, watching a machine in operation. Some tools are 
used to eliminate the expected loss, for example, the rapid exchange of tools developed by Shingo 
(1996) and Kanban technique for synchronizing the output. Moreover, the versatility of workers also 
contributes to minimizing such loss (Harbert, 2006). 
 
F igure 14 -  Wai t ing T ime 
 Transport Loss 
Loss on transport is one that is made unnecessary travel or temporary stockpiles (Figure 15). Seen as a 
waste of time and resources, the activities of transport and handling must be eliminated or reduced to 
the maximum, by developing appropriate physical arrangement that minimizes the distances to be 
covered. In addition, transportation costs can be reduced if the material is delivered to the place of 
usage (Rodriguez, 2012). 
 
F igure 15 -  Transport  
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 Processing loss 
Loss on processing consists of machines or equipment used improperly as the capacity or capability to 
perform an operation (Figure 16). In this sense, it is important to apply the methodologies of 
engineering and value analysis, which are important tools to minimize this waste, which does not affect 
the basic functions of the product (Anderson, 2001). 
 
F igure 16 -  Process ing 
 Handling operation loss 
This loss occurs as the difference between work and movement (Figure 17). Relate to unnecessary 
movements made by operators in the execution of an operation. For example, is the action of those who 
perform some sort of check or demand parts on the workbench or any movement of a team member or 
machine which does not add value. The techniques of time study and methods are important to 
eliminate this waste. The rationalization of the movements in operations is also obtained by automating 
operations. However, it is noteworthy that the mechanization of operations is recommended after they 
have exhausted all possibilities of improvement in the labor movement and in routine operations (Harry, 
2004). 
 
F igure 17 -  Handl ing Operat ion 
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Defective products or rework loss 
The loss for the manufacture of defective products (Figure 18) is the result of the generation of products 
with some characteristic out of the specified quality and which therefore does not meet the 
requirements of use. Produce defective products means waste materials, availability of labor, availability 
of equipment, materials handling defective storage of defective materials, products inspection, among 
others. Techniques to solve this waste are closely related to methods of quality control at the source of 
the cause of the problem (Köksal, Taşeli, Dolgun & Batmaz, 2004). 
 
F igure 18 – Defect ive products or  rework 
Stock loss 
It is the loss of stock in the form of raw materials and processing equipment in the finished product. It 
is the financial resource "trapped" in the productive system. Mean investment and waste space (Figure 
19). The combat losses stock becomes a barrier from the moment it is considered an advantage when 
it comes to relieving the problems of synchronization between processes. Reducing waste inventory 
should be done by eliminating the causes that generate the need to maintain inventories. Eliminating all 
the other waste, reduce, consequently, waste inventory. This can be done by reducing setup times of 
machines and production lead times, synchronizing workflows, making them reliable machines and 
ensuring the quality of processes (Miodonski, 2010). 
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F igure 19 -  Stock 
 Non-Utilized Talent 
The 8th Waste of Lean, Non-Utilized Talent, is an ever-growing issue within businesses that needs to be 
resolved. Unlock the creativity and potential in the employees to achieve greater benefits to the 
company and to each individual. It’s better to think of waste in terms of items, objects, or processes, 
but the waste of human potential is the greatest waste of all. Ignoring the creativity and ideas locked 
within each employee breeds an environment of apathy and discontent (Southworth, 2010). Once 
Hiroshi Okuda, Chairman of Toyota Motor Corp. said, “Fai lure to change is a v ice! I  want 
everyone at Toyota to change and at least do not be an obstacle for someone else 
who wants to change.“ (Bodek, 2004). 
According to Ohno (1997), Lean Production System focus in all matters which not adds value to the 
product, seen in the eyes of the customer is waste. All waste only adds cost and time. All waste is the 
symptom and not the cause of the problem.  
2.2  The Five Pr incip les 
In Lean Production, five principles are defined as fundamental in elimination of losses, summarizing the 
entire Lean Thinking (Womack and Jones, 1996). These teachings are principles that guide companies 
wishing to adopt this philosophy, showing what must be done to achieve their goals. Before 
conceptualizing the five principles, it is necessary to have an understanding of the meaning of "Value 
Added", or simply "Value". The real value of a product, process or system is the degree of acceptability 
of a product by the customer, i.e., the final item is the economic value. The higher is the actual value of 
an item over another with the same purpose, the greater the probability of winning the competition. So 
what adds value to the product, is productive operation that is performed to meet the requirements of 
the customer or end user. The company should aim at providing products or services valued from the 
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customer's perspective and not from the internal view of the organization, because the market is 
increasingly less willing to accept products that do not meet customer needs. Womack and Jones 
(1996) accurately defined five principles of Lean thinking to offer a valuable contribution to the 
management of processes. 
2.2.1 Specification Value 
It is needed in the beginning to define and investigate what value is the starting point for Lean thinking. 
The value of the product must be specified by end customer, not the company. And for that, this 
product must have requirements that meet customer needs, with a specific price and delivered in a 
timely manner to him. Any features or attributes of the product or service that does not meet the value 
perceptions of customers represent opportunities to rationalize. The company creates this important 
value which conceives, designs, produces, sells and delivers the product to the end customer (Ruffa, 
2008). 
2.2.2 Identification of the Value Chain 
Chain or value stream is the set of all specific actions required to bring a product to pass through the 
three critical management tasks of any business: 
-­‐ Task of troubleshooting: going from concept to product launch, through detailed 
design and the engineering process; 
-­‐ Task of information management: will the receipt of order to delivery, following a 
detailed schedule. 
Physical transformation task: going from raw material to finished product in the hands of the customer 
(Womack & Jones, 1996). 
Identify and accurately map the value stream full product is fundamental to see the waste in each 
process and implement actions to eliminate them, thus creating a new flow optimized value (Rother & 
Shook, 1998). 
Thus the identification of the value chain consists of mapping the set of all activities. At this stage it is 
important to separate the cases into three categories: those who actually create value, those that do not 
create value, but are important for the maintenance of processes and quality, and those that do not add 
value should be eliminated. 
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2.2.3 Value Stream Flow 
Womack & Jones (1996), in "Lean Thinking”, said, “since, for a given product value has been specified 
precisely, the value stream mapping, steps that do not add value eliminated, is fundamental value in 
the process flow, smoothly and continuously, within the three critical management tasks: problem 
solving, information management, and physical transformation.”. Therefore, after identified the value 
according to the first principle, the mapped value chain product waste and disposed of according to the 
second principle, the next step is to make the Lean thinking stream with the optimized value flow in a 
harmonic until the arrival of the product to the end customer, redefining the functions and departments, 
allowing them to contribute to the creation of customer value (Lazalier, 2008). 
2.2.4 Pull Production 
Womack & Jones (1996), in "Lean Thinking" stressed not to manufacture any product, unless it is 
necessary, and in this case, manufacture the product quickly. This concept is to produce only what is 
needed when it is needed. Aims to prevent the accumulation of stocks of products through the 
production and supply what the customer wants, when the customer needs. The client "pulls" 
production, eliminating inventory, giving value to the product and bringing productivity gain 
(Bartholomew, 2012). 
2.2.5 Search for perfection 
Perfection should be the constant aim of all involved in the value stream. After the implementation of 
the four previous principles, specifying the value of the product from the customer, identifying the value 
chain as a whole, making the value stream flow and that customers pull the value of the company's 
business productivity consequently increases and the direct and indirect costs decrease. By intensifying 
the application of the four principles interactively come new waste and new obstacles to the flow of 
value, creating opportunities for improvement and allowing their elimination. It is a continuous process 
of increasing efficiency and effectiveness in pursuit of perfection. For this, the company can count on 
continuous improvement methodologies (Kaizen), as PDCA cycle, among others (Scott, 2005). 
From the concept of the five principles outlined above, it is observed that the strength of Lean 
transformation initiative is the correct specification of the value to the end customer, eliminating the 
traditional form of each member of the value chain specify differently, the identification of all the actions 
that take a product from concept to launch, from order to delivery of raw material to the customer's 
hands. Furthermore, Lean thinking is focused on eliminating non-value added activities and stimulating 
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actions that add value to occur in a continuous stream and pulled by the customers, and finally analyze 
the results and the creation of a new process (George, Rowlands & Kastle, 2004). 
2.3  Some Tools of  Lean Product ion 
In order to LP can achieve the objectives, it is necessary to apply some tools that will assist in achieving 
the results. Tools are tools used to implement a Lean Production System, which dictate "how to" follow 
its principles. Some tools considered essential will be described below, according to research in the 
literature (Feld, 2001). 
2.3.1 Value Stream Mapping 
Value Stream Mapping is one of the essential tools of Lean Production, proposed by Rother & Shook 
(1998), which were based on a modeling technique of analysis of value line. 
The VSM is the process of identifying all the specific activities occurring along the value stream for the 
product. It is understood by the entire value stream for all activities that occur from order placement to 
delivery to the final consumer. It is a process of observation and understanding of the current state and 
the drawing of a map of the processes that will become the basis for Lean Production, i.e., it is a visual 
representation of every process in the flow of material and information real recasting it a set of key 
issues and draw a future state map of how the production should flow (Jones & Womack, 2000). 
Rother & Shook (1998), consider the Value Stream Mapping an essential tool as it assists in the 
visualization of the flow, rather than just individual processes and helps identify waste. The mapping 
helps identify the sources of waste, provides a common language for dealing with manufacturing 
processes, makes decisions about the flow apparent, so that you can discuss them, encompasses 
concepts and Lean techniques, which helps to avoid implementation some techniques alone forms the 
basis for an implementation plan and shows the relationship between the information flow and the flow 
of material. The goal is to achieve the Value Stream Analysis to obtain a continuous flow, driven by 
customer needs, from raw material to finished product. Below is the concept of Value Stream Map, 
defined by Rother and Shook: 
"It is to follow the path of producing a product from the consumer to the supplier, and carefully draw a 
visual representation of every process in the flow of material and information. Then formulates a set of 
key issues and draw a future state map of how the process should flow. Doing this repeatedly is the 
simplest way so that you can see the value and especially the sources of waste.” (Rother & Shook, 
1998). 
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Next figure (Figure 20) illustrates an example of a process model using the technique of VSM. In this 
map we can see the entire flow of products and information from the parts supplier to the end 
consumer. 
 
F igure 20 -  Va lue Stream Map of  the current  s i tuat ion 
The visualization tool is always performed in reverse, namely from the client to the supplier in order to 
eliminate influences who in the process, ensuring that the flow is performed in favor of production. The 
great advantage of VSM is to significantly reduce and simply the complexity of the production system 
and still offer a set of guidelines for the analysis of possible improvements. In this sense, the technique 
of Value Stream Mapping helps in conceptual development of "future state" of the Lean Production 
System (Lasa, Laburu & Vila, 2008). 
2.3.2 5’S 
The calling "5'S" is another very useful tool in the process of implementation of Lean Production. It 
originated in Japan at the time was requested methods to help rebuild the country after the war. The 
main objectives of this tool are (Figure 21): to improve the quality of products/services, improve the 
working environment and user services, improve the quality of life of employees; educate for simplicity 
of acts and actions; maximize the use of available resources; reduce spending and waste, optimize 
space, reduce and prevent accidents, improve human relationships increase self-esteem of employees. 
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It is observed that these goals are very aligned with the concept of Lean Production (Flinchbaugh, 
2006). 
 
F igure 21 -  5 'S cyc le 
The acronym 5S left five Japanese words that begin with the Letter S: 
-­‐ Seir i  – Sense of Use: is deciding what is needed and eliminate what is not 
necessary. One should keep only the minimum equipment to support the day to 
day operations. There is what is useful and necessary and separate what is useless 
discarding what does not serve, or providing to another sector. This sense it is 
important to combat the human tendency to store things. 
-­‐ Seiton – Sense of Order: "A place for everything and everything in its place." This 
sense is to put everything in order and easily accessible. Must analyze where and 
how things are stored, setting criteria such as place and manner appropriate to 
arrange them. Keep everything in place after use. Standardization, as the creation 
of a visual recognition system and an inventory system that facilitates access to 
things is very important, thus reducing the time wasted looking for tools and 
materials and eliminating unnecessary movements. 
-­‐ Seisou – Sense of Cleaning: is to remove trash and dirt, making a spring 
cleaning, make problems easy to locate. Regular cleaning provides opportunities 
for preventive inspections. You should always regularly run the cleaning staff and 
maintenance, develop habits of cleanliness, for example, clean the objects before 
storing them. 
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-­‐ Seiketsu – Sense of Standardization: It is important to establish policies to 
eliminate all causes of clutter, how to establish a system of visual control; make the 
workplace easy maintenance, incorporating the first three S's; establish a system of 
visual control; improve environmental conditions of work; promote mutual respect, 
creating a harmonious work environment and take care always health and personal 
hygiene. 
-­‐ Shitsuke – Sense of Self-Discipline: basically consists in regulating the practice of 
"S" above, keeping all the improvements made. For this it is important to make 
periodic inspections to establish guideline, change the culture to promote and 
maintain a permanent place of work clean and safe, share the goals established 
concepts and regularly disseminate information, fulfill routines with patience and 
persistence, incorporating the values of 5S in the lives of people and mechanisms 
of evaluation and motivation. 
The senses of organization and cleaning are critical in Lean Production System, in respect of the 
reliability, visibility problems, reducing waste, controlling and improving the quality, condition, employee 
morale, etc (Carreira & Trudell, 2006), (Chiarini, 2013). 
2.3.3 SMED – Single Minute Exchange of Die – Quick Change Tool 
Reducing the time of tool change is of utmost importance in the success of Lean Production System, 
according Shingo (1996). Is the amount of time required to change a reference from the last produced 
part of a batch to the first part produced in the next production batch (Shingo, 1996). 
The time reduction is important because it improves the effectiveness of all equipment, implement 
programs contributes to production level, helps to reduce the inventory of finished products, supports 
methodology "Production Flow", contributes to the elimination of waste, and add the machine capacity 
and improve quality (Shingo, 1985), (Sekine, 1992). 
In today’s manufacturing environment, assembly work is routinely characterized by short production 
cycles and constantly diminishing batch sizes, while the variety of product types and models continues 
to increase. Constant pressure to shorten lead times adds to these demands and makes the mix truly 
challenging, even for the most innovative manufacturers (Figure 22). 
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F igure 22 -  F1 Team apply ing SMED technique 
The ability to respond quickly to rapidly changing customer demands requires the use of manufacturing 
systems that can be re-configured and expanded at real time, and which can accommodate advances 
in assembly techniques without making any initial manufacturing investments obsolete (Nicholas, 
1998).  
Lean Production, an approach that depends greatly on flexibility and workplace organization, is an 
excellent starting point for companies wanting to take a fresh look at their current manufacturing 
methods. Lean techniques are also worthy of investigation because they eliminate large capital outlays 
for dedicated machinery until automation becomes absolutely necessary. Indeed, the concept of Lean 
Production represents a significant departure from the automated factory so popular in recent years. 
The “less is better” approach to manufacturing leads to a vastly simplified, remarkably uncluttered 
environment that is carefully tuned to the manufacturer’s demands. Products are manufactured one at 
a time in response to the customer’s requirements rather than batch manufactured for stock. The goal 
is to produce only the quantity required and no more. And since limited numbers of parts are produced, 
it may be necessary to change processes during the day--to accommodate different parts and to make 
maximum use of personnel, equipment and floor space (Ehrlich, 2002).  
The flexibility inherent in manual assembly cells is therefore preferable to automated assembly. This 
requirement for maximum flexibility creates unique demands on the Lean workcell and the components 
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that make up the Lean workcell. Granted, the Lean approach is not the solution for all production 
problems. But it does offer a uniquely flexible solution for assembling more complex products. Can be 
described 9 basic Lean Production principles that should help you evaluate Lean Production solutions 
for your own applications (Mudrikova, 2008).  
The 9 principles are: Continuous Flow, Lean Machines/Simplicity, Workplace Organization, Parts 
Presentation, Reconfigurability, Product Quality, Maintainability, Ease of Access, and Ergonomics. 
Just - In -Time 
The term JIT (Just-In-Time) is from English origin and was adopted by the Japanese, which according 
Ohno, this concept originated at Toyota Motor Co.. Taiichi Ohno (1997) defines JIT: 
"Just-in-time means that in a flow process, the correct parts required for assembly reaches 
the assembly line at the time that is required and only in quantities required. A company 
that sets this flow can reach the zero inventory. (...) To produce using just in time so that 
each process receives the exact item needed when it is needed, and the amount required, 
the conventional management methods do not work well". 
The JIT is a programming system to pull the flow of production and inventory control system (Figure 
23). This means that each case must be supplied with the right items at the right time, in the right 
quantity and at the right place. The goal of JIT is to identify, locate and eliminate waste-related activities 
that do not add value, reduce inventory, ensuring a continuous flow production (Radovilsky, 1996). 
 
F igure 23 -  Push Vs.  Pul l  Product ion 
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This system is to manufacture only what is sold, preferably to sell yourself first, then manufacture and 
deliver posteriomente. JIT does not adapt easily to a diversified production, because in general this 
would require extreme flexibility of the production system in dimensions difficult to obtain in this 
system. However, this system tends to reduce operating costs, since it reduces the need for 
mobilization and maintenance of physical space, mainly in stocking raw material or merchandise to be 
sold (Hirano, 2009). 
The JIT is a modern approach, that before this "fight" world in search of new markets, or maintain 
them wins distinct contours, where diversification is a weapon for the service consumer. JIT can not be 
considered as a tool for quick solution because can produce immediate results and long-term in all 
environments (Schonberger, 1987). 
Thus, to eliminate loss systematically remove barriers to the flow of material and reduce safety stock. 
Until the ultimate goal of zero inventory and one-piece flow are achieved, the material flow can be 
created through the use of standard inventory, visual aids, and Kanban (Raia, 1989). 
Kanban 
Kanban, literally translated from Japanese as “signal“, is a signal system between customer and 
supplier, constituting a simple method of controlling visual processes. It aims to control and balance the 
production, eliminate waste, prioritize the production, control the flow of material. It allows the 
replenishment of inventory based on demand and supply information about the product and the 
process (Figure 24) (Lu, 1989). 
 
F igure 24 -  Kanban 
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Technically speaking, the kanban system is the communication tool of Just in Time. It is a way of 
ordering the work, defining what, how much, when, how to produce, how to move and where to deliver. 
The card, or signal functions as the trigger of the production, coordinating the production of all items 
according to demand and also can visually control the production schedule and production according to 
the system "pull" (Gross & McInnis, 2003).  
By applying this technique, the work in process is limited and controlled by the number of cards in 
circulation, replacement needs are identified visually and bureaucracy is eliminated. These are some 
advantages of Kanban. Furthermore, the efficiency of the system can be measured as a reduction in 
the number of cards in circulation and also improves the quality of the production proces (Levy, Sneider 
& Gibney, 1983). 
Kanban is a unique way to catalyze the application of Lean principles to product development, 
maintenance and operations. Kanban is a visual signal that something needs to be replenished and is a 
method for the implementation of changes; does not prescribe roles or practices. Instead, it offers a set 
of principles to optimize the flow and value generation delivery systems software. Kanban's focus on 
context and adaptability have become the method increasingly popular for teams that agile techniques 
do not apply directly, and agile teams seeking ways to optimize their development process so becomes 
one of the fundamental building blocks of a pull replenishment system. 
Upon being introduced to the concepts of the method, however, many teams remain in doubt about 
how to start and what strategies or behaviors to adopt for a successful adoption of Kanban. 
Simultaneously reducing setup times and lot sizes (Figure 25) is found to be the single most effective 
way to cut inventory levels and improve customer service. Shop factors of particular importance are 
productivity rates and worker flexibility. Grade of product standardization and the product structure are 
also high impact factors. Less crucial than earlier believed, at least over the factor settings simulated, 
are inventory record inaccuracy, equipment failures, and supplier reliability. Such results suggest that 
the selection of a production/inventory system can have less importance than the improvement of the 
manufacturing environment itself. 
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F igure 25 -  Recommended Batch 
Kanban works by pulling work though the development value chain which any workflow that involves a 
division of labor can be defined as a value stream, rather so that work-in-process (WIP) is minimized 
(Andersen, 2010). 
The studies for scheduling methods and production control were developed and applied by the dual 
Taylor and Ford, highligthed the process of mass manufacturing, which the important factor was task 
division, and the determination by studies of movement time, and reduced standard manufacturing 
times. Men and machines should produce as much as possible in this system and shouldn’t remain 
stopped, even if the destination of the products were the warehouses, then the marketing industry, 
including sales there, should take care to put these products to the consumer market. This process of 
mass production, also known as the process of pushing the production, works as follows: company 
direction solves by launching a new product, then communicate the decision to the product engineering 
that develops the idea and design and sends documentation for industrial engineering. Developing the 
process, the devices, etc, refers the orders for production sector that manufactures the new product. 
The production is transferred to the warehouse where the marketing industry strives to send it to the 
consumer. 
Kanban aim efficiency; the fact of disorderly transport routes, overflowing finished goods stores, huge 
quantities of WIP (work-in-progress) and unscheduled stopping machines, often make the worth of this 
Lean Production functionality questionable. When there are also frequent complaints about delivery 
problems, the reality is quite distant from the theory. Poor implementation of kanban is quickly defeated 
in an e-kanban environment. 
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Among other purposes, the most important in the production management system using kanban, just 
as in any other system, is to increase productivity and reduce costs through the elimination of all kinds 
of unnecessary functions in the production process. This method is essencially to identify the non value-
adding operations, investigate them individually, and through trial and error technique can reach a new 
operation, which present satisfactory results for that particular problem and specific company. This 
means that the kanban system is not a ready recipe that can be applied indiscriminately to any 
company. Even within a single company will be presented several solutions for each of the unnecessary 
functions studied (Hutchins, 1999). 
2.4  TRIZ – Theory of  Invent ive Problem Solv ing 
Known with the russian acronym TRIZ, Theory of Inventive Problem Solving was created by the soviet 
engineer Genrich Altshuller and his colleagues in former USSR at 1946. 
The research of TRIZ started with the hypothesis that there are principles of invention which are a base 
and can be common and can also be used in different ways leading to improve new technology. That 
basis began to be collected, identified and codified for easier and faster research and also being 
teached to beginners and experienced people with predictable results (Figure 26). 
 
F igure 26 -  The log ic o f  TRIZ problem solv ing 
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Since TRIZ “born” were already over 2 million patents examined, classified by inventiveness level and 
analyzed. 
The principal results of the research were: 
• Problems and solutions were repeated across industries and sciences; 
• Patterns of technical evolution were repeated across industries and sciences; 
• Innovations used scientific effects outside the field where they were developed; 
• Software products to accelerate the innovation proces; 
• New analytical and knowledge-base tools and enhancements to Classical TRIZ tools. 
These results can be applied to nearly any problem for which an inventive solution is desired to make 
and improve products, services or systems. 
TRIZ methodology can be applied to nearly any problem for which an inventive solution is desired. 
In the application of TRIZ all findings are applied to create and to improve products, services, and 
systems. 
By analyzing the caracteristics of the patents problem-solving techniques it were splitted by 5 
inventiveness levels: 
Level  1 – Using well-known methods within a specialty or company to solve routine design problems 
accounted for about 32% of the solutions. 
Level  2 – About 45% of the solutions were minor corrections to an existing system made by methods 
known within the industry. 
Level  3 – Fundamental improvements that rely on methods from another industry to resolve a 
contradiction (mutually exclusive demands) in an existing system were characteristic of 19% of the 
solutions. 
Level  4 – Only 4% of the solutions were classified as new generations of inventions using a new 
scientific (rather than technological) principle to perform a system’s primary function. 
Level  5 – Rare scientific discoveries or pioneering inventions of an essentially new system made up 
the final less than 1%. 
The 5 levels represent an increase of the required knowledge of the inventor, the difficulty of the 
berriers and the profit it can make with the invention as it can be seen at Table 1. 
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Magni tude S imple 
Improvement 
Ins ide 
Organizat ion 
S ign i f icant  
Improvement 
In Industry  
Innovat ion 
Ins ide 
Paradigm 
Innovat ion 
Outs ide 
Paradigm 
Discovery  
% o f  so lut ions 32% 45% 19% 4% <1% 
Leve l  1 2 3 4 5 
Class i f icat ion Low Risk Organic 
Growth 
Opportunity 
Innovation 
Solving 
Contradictions 
Disruptive New 
Technologies 
Universal 
Breakthroughs 
Descr ip t ion Incremental 
improvement 
within 
trade/speciality 
Innovation 
resolving a new 
“job to be done” 
using knowloedge 
from different 
areas in same 
industry 
Innovation 
resolving a 
contradiction 
using knowledge 
from different 
industries 
A new technology 
is 
applied/developed 
containing a 
breakthrough 
solution requiring 
knowledge of 
different fields of 
science 
Discovery of a 
new phenomenon 
of universal value 
Table 1 -  Innovat ion Levels  
Nowadays, TRIZ uses a systematic approach to guide to solutions to solve problems up to level 4 and 
with common engineering methods just provide solutions up to level 2. 
Most problems will have an ideal solution plus many other good solutions. TRIZ offers several tools for 
finding these good solutions. Here is a list of the tools: 
• Contradictions 
• Eight Trends of Technical Evolution 
• Forty Principles 
• Functional Analysis 
• Ideality 
• Resources 
• Seventy-six Standard Solutions 
• Size-Time-Cost 
• Smart Little People 
• Thinking in Time and Space 
2.4.1 Standard Solutions for Problem Solving 
It exists 76 standard solutions categorized by five groups according to the nature of the engineering 
problems they solve. These classes are: 
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• Building and destruction of S-Field models. 
o There are 13 solutions to help in solve problems by building or destroying the S-Field 
model, if they are incomplete or have harmful functions. In the next figure (Figure 27) 
can be seen the difference between an useful action from an harmful action. 
 
F igure 27 -  S -F ie ld model 
• Development of S-Field models. 
o There are 23 solutions available for improving the efficiency of engineering systems by 
introducing minor modification. These solutions offer conceptual solutions of how to 
improve and evolve systems. 
• System Transitions and Evolution. 
o 6 solutions are applied in solving problems by developing solutions at different levels in 
the system. In this class of solutions, the improvement of systems is mostly achieved 
by combining elements or combining with other systems. 
• Detection and measuring. 
o There are 17 solutions for measuring or detection problems of engineering systems. 
Major recommendations of this class are: 
§ to try to change the system so there is no need to measure/detect; 
§ to measure a copy of the parameter of the system instead of the actual; 
§ to introduce a substance that generates a field. 
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• Extra helpers 
o While the preceding 4 categories usually lead to solutions which increase complexity 
(since they introduce new features or objects into the systems to solve the problem), 
this category contains seventeen solutions that show how to get something extra 
without introducing anything new. 
These solutions can also be grouped into three categories according to how they deal with functions: 
• Harms – 24 ways of dealing with harmful functions. 
• Insufficiency – 35 ways of dealing with insufficiency. 
• Measurement – 17 ways of carrying out measurements or detections. 
2.4.2 Thinking in Time and Space – Nine Windows 
Another TRIZ concept is the System Operator or ‘9 Windows’. It’s commonly depicted as nine squares 
arranged 3×3, horizontally representing time (past, present and future) and vertically representing size 
or hierarchy as seen in Figure 28. This allows us to regularize levels of hierarchy above and below 
almost any object being studied that can be in a different condition (growth, death, attainment of a goal 
and so on) before and after the time at which they are currently being considered. 
 
F igure 28 -  N ine Windows 
It gives you a set of tools that you can use to consider your opportunity by breaking it into smaller 
pieces as well as considering the larger context into which it fits. Here are the steps: 
1. Prepare a nine windows grid; 
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2. Fill in the center box; 
3. Identify the super-system and sub-system; 
4. Determine the past and future; 
5. Complete the grid; 
6. Re-assess the opportunity. 
2.4.3 System Modelling and Analysis – Function Analysis 
The first step before the search for problems and their solutions is to understand interactions between 
all the components of a system. To help this first step it's used function analysis tool to draw out the 
difficulties to recognise issues in the problems. Function analysis of a system is closely tied with the 
understanding of the benefits delivered by it. This helps to clarify how well the benefits are being 
delivered and what harms are present. This understanding makes it easier to take appropriate steps in 
problem solving. 
To perform a function analysis, a list of all components of a system is generated along with their 
interactions. This involves breaking down the system into simple units and laying them out in form of 
Subject-Action-Objects (SaOs). The SaO is the statement describing the action on an object by a 
subject. The subject is the active tool or initiator of the action or influence, while the object is the 
receiver of the action. In Figure 29 it can be seen the symbology of function mapping. 
 
F igure 29 -  Funct ion Mapping Symbols 
Tr imming – Once the problems have been identified from the Function Analysis diagram we try to 
simplify the system using the Trimming Rules. Often, this step will eliminate problems but it also of 
course reduces the cost of the system and increases its ideality.  
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Solut ion map – After trimming we select one of the remaining problems to solve and identify where 
we can solve it (in time and space). The range of possibilities constitutes your solution map, and you 
choose which type of solution to try for according to what constraints you have. 
2.4.4 Patent Database 
Patent information searches are done, if at all, as a part of the application drafting process before filing 
patent applications, or while planning and preparing for patent litigation. In the recent past, this 
traditional micro-level use of patent information has evolved into a much more strategic use of patent 
information, thanks to the development of customized computerized databases of patent information. It 
can be useful use this patents to the problems which appear. 
2.4.5 Smart Resources to Find the Right Systems and Overcome Constraints 
Identification of available resources around any problem is essential for finding good, cost effective, 
environmentally friendly solutions. Unlike any other problem solving technique the TRIZ definition of a 
resource is all-encompassing and focuses even on apparently negative or harmful resources. 
Organizational performance is dictated by constraints. These are restrictions that prevent an 
organization from maximizing its performance and reaching its goals. In Figure 30 can be seen the 
constraints involving people, supplies, information, equipment, or even policies, and can be internal or 
external to an organization (Goldratt, 2004). 
 
Figure 30 -  TRIZ constra ints 
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2.4.6 The 40 Inventive Principles 
From Altshuller research (Altshuller, 1998) on over 40,000 most inventive patents, found that there are 
only "39 Features" which either improve or degrade. So, every problem could be described as a conflict 
between a pair of parameters (2-out-of-39 parameters). Many patents had, in the past, solved these 
individual conflicts in several different fields. The conflicts were solved over and over again, sometimes, 
these were spaced several years apart. The conclusion was that only "40 inventive principles" (Table 2) 
were used to fully resolve these contradictions and not as a trade-off or compromise. 
Table 2 -  40 Invent ive Pr inc ip les 
1. Segmentation 
(fragmentation) 
2. Separation (or taking 
out) 
3. Local quality 4. Asymmetry 5. Merging 
6. Universality 7. Nested doll 8. Weight 
compensation 
9. Prior counteraction 10. Prior action 
11. Cushion in 
advance 
12. Equipotentiality 13. The Other Way 
Around 
14. Curvature 
increase 
15. Dynamics 
16. Partial or 
excessive actions 
17. Another dimension 
18. Mechanical 
vibration 
19. Periodic action 
20. Continuity of 
Useful Action 
21. Rushing through 22. Blessing in Disguise 23. Feedback 24. Intermediary 25. Self-service 
27. Copying 27. Cheap disposables 28. Replace 
Mechanical System 
29. Pneumatics and 
hydraulics 
30. Flexible 
membranes 
31. Porous materials 32. Colour change 33. Homogeneity 
34. Discarding and 
recovering 
35. Parameter 
change 
36. Phase transition 37. Thermal expansion 
38. Accelerated 
oxidation 
39. Inert atmosphere 
40. Composite 
materials 
Altshuller (Altshuller, 1998), therefore, set about to extract and to organize the frequently occurring 
contradictions and the principles of the resolution of these contradictions. He put it in the form of a 
matrix of 39-improving parameters and 39-worsening parameters (39 X 39 matrix – Annex I – TRIZ 39 
Features – Improving & Worsing Features) with each cell entry giving the most often used (up to 4) 
inventive principles. Contradiction Matrix is the name which is known this matrix and remains to be the 
simplest and the most straightforward of TRIZ tools. 
2.5  Combinat ion of  Lean & TRIZ – Cr i t ical  Analys is 
In this case of study were identified problems. In order to explain and solve them is was needed to plan 
a research methodology to guide to the solutions. Different types of data were collected and splited into 
primary and secondary data for an easier process of them. Due to involve the Lean Tool SMED with the 
TRIZ technique, which is what we want to combine in this case of study, it was needed to incorporate 
both strategy methods to try to eliminate the problems. The first step was search for articles/cases 
already done to know which tools/techniques/principles would be better to be the starting point to the 
case study as described in Table 3. 
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Table 3 -  Combinat ion of  Lean and Tr iz  a l ready used too ls/techniques/pr inc ip les  
Tools/Techniques/Principles 
Lean TRIZ 
5 S Transition to the supersystem 
 Trimming 
 Standard Solutions 
 Principle 20 - continuity of useful actions 
Current State Map 9 window 
Jidoka (Autonomation) Principle 25 - Self-service 
Kaizen Searching for sources into subsystem or supersystem 
 Trend "mono-bi-poly-mono" 
 Principle 1 - Segmentation 
 Principle 7 - Nested Doll 
 Principle 10 - Preliminary action 
 Principle 15 - Dynamics 
 Principle 24 - Intermediary 
 Principle 28 - Mechanics substitution 
 Principle 32 - Color changes 
Kanban Inventive Principles 
 Standard Solutions 
 Trimming 
Lean Sigma Principle 23 - Feedback 
• Analysis of variations S-Curve 
• No available resources or no process 
optimization 
Tools for solving contradictions 
• Optimization and disrupt techniques 
Leveled Production Transition to the supersystem 
 Trimming 
Muda - Wastes Trimming 
 Principle 5 - Merging 
 Principle 10 - Preliminary action 
 Principle 16 - Partial or excessive action 
 Principle 20 - Continuity of useful actions 
 Principle 22 - Blessing in disguise 
• Overproduction Excessive functions 
• Inventory Corrective functions 
• Extra Processing Steps Providing & Corrective functions 
• Motion Providing & Corrective functions 
• Defects Insufficient, Excessive & Harmful functions 
• Waiting Insufficient functions 
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• Transportation Providing functions 
Product Family Matrix Function Models of separated product lines 
SMED Standard Solutions 
 Principle 1 - Segmentation 
 Principle 2 - Taking Out 
 Principle 3 - Local Quality 
 Principle 5 - Merging 
 Principle 10 - Preliminary action 
 Principle 15 - Dynamics 
 Principle 17 - Another dimension 
 Principle 25 - Self-service 
Standardized Work Inventive Principles 
 Standard Solutions 
Takt Time Rhythm coordination approach 
VSM Function Model of Process 
 Trimming 
 Cause-Effect Chain Analysis 
 Function Model of Supersystem 
Work Balancing Function Model 
 Function Re-allocation 
 New function architecture 
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3.  PROBLEM IDENTIFICATION 
At this moment the changeover processo of the ATE takes 4 hours (240 minutes). That process is too 
long because it's not optimized and need to standardize some practice process to try to be less then 10 
minutes reaching the goal of one digit. 
3.1  Past/Present s i tuat ion / Why to change? Why to improve? 
The impulse to make the changeover process more efficient should be from economical order. The time 
takes costs so if it could reduce the time the costs will be less. A better utilization of the machines also 
need to be focus because some of its time is made of breaks or not at full usage of the machine and 
also to manufacture defected pieces. 
Analyzing the historical data (secondary data) it can be deducted that in the utilization of the production 
system is about 70% and the target is 90% of utilization. This 20% of difference the biggest part, around 
8.5% is due to changeover processes. A balanced line is a more efficient line in operation. Better line 
balance is achieved when both placement heads are operating in a fully optimized fashion, without idle 
time, and without wasted motion, which also absorbs time. 
Because the changeover process were too complicated and long and also the market demand was too 
much uncertain, the time given for improving equipment and machinery was always tight. So it ended 
on an intransigent manufacturing so the time schedules of the production were never on time to reply 
the clients demand at the market. 
If the utilization is not high and also you're not responding at the market, the costs will be higher too 
and to have profit the prices will need to be higher again so may not be attractive for costumers. So at 
least to respond to the market it is needed to buy more machinery so it will be a raised investiment and 
can be risky because the market demand change too much and the machines and products can be 
obsolete. This measure is a waste of money and should be applied Lean philosophys to maximize the 
utilization of what you already have, working at full capacity. 
As an organization begins a Lean Production implementation, its ultimate goal is to produce according 
to customer demand (takt time) while utilizing ”one piece flow”. For this to happen, machines need to 
be set up more often, highlighting the need to reduce setup time. Reducing setup time results in 
increased production, better quality parts and a more flexible workplace leading to an improving of all 
system. 
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3.2  Detai led Review of the Case Study 
The data collected exposed at the article used in this thesis case study was from a multinacional 
company of semiconductors located at Kulin High Tech Park from Malaysia called Intel Technology Sdn. 
Bhd.. This company is one of the best companies in the world producing microprocessors and chipset 
products being in the leadership due to their excellent technology which goes since the manufacture till 
the test process passing by the assembly phase which is an High Mix Low Volume (HMLV) platform 
factory. 
The focus of the study will concern on the 2 principal products, based on company information, 
produced in this factory which are the chipset Nebula Peak and the chipset Nexus Peak. Both products 
are a new generation of chipset with I/O and integrated graphics function which supports the 
microprocessor device and even they are from the same family product technology. They have a 
different design segment for the market, so they are alike just in function because the architectual 
design of the product is different, so because of this difference both chipsets need also a different 
equipment configuration to make the assembly and testing phases. 
The Nexus Peak and Nebula Peak to be produced pass by 20 manufacturing process to be finished and 
shipped for the clients. The goal of the project will pass for the testing operation where the chipsets are 
tested using an high technology equipment for testing called M4542D Dynamic Test Handler (Figure 
31), the Extreme Test Handler, and it has combined an unit for test and an interface test which will 
execute a functional electrical testing to the semiconductor of the chipset devices under extreme 
temperatures. Due to the high duration of the changeover process of the Extreme Test Handler the 
focus of this work will be improve this process. 
 
F igure 31 -  Dynamic Test  Handler  
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3.3  Current Si tuat ion of  the changeover process 
The changeover process of the ATE has 9 actions, 8 internal actions and 1 external action. The time 
each action takes by a trained technician worker make the changeover process is described in the 
graphic below (Figure 32). 
 
F igure 32 -  Changeover Process 
The hardware changeover takes 160 minutes to exchange 11 hardware pieces, it’s the longest process 
so it is the bottleneck. The study will concern on making that process faster applying SMED and TRIZ 
methods. 
That process of changeover has 3 phases, 2 of them are different validation steps and the 3rd one is 
the calibration step. It can also been counted the pre setup and post setup phases. All phases are 
identified in the next table (Table 4). 
The improvement of the changeover process is being affected by some issues as non optimized 
processes non standardized practices and the activities that don't generate value for the productive 
process (NVA). 
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Table 4 -  Deta i led current  t ime for  each changeover s tep 
Sequence 
No.  
Act iv i ty  & 
Mi lestone 
Deta i ls  
Average 
t ime (min. )  
Pre Changeover Actv i t ies 
Superv isor  communicat ion and a l ignment wi th 
technic ian;  
End lo t  process for  the last  product ion run.  
Not  
inc luded in 
changeover 
t ime 
1 
Pre l iminary Sof t  
Setup Act iv i t ies  
Of f ic ia l  s tar t  o f  changeover process wi th the 
change in AEPT; 
Tagging of  equipment i .e .  s t icky pad or  barr icad ing 
area;  
Preparat ion o f  change k i t  and too lsets .  
6 
2 
Hardware Part  
Setups 
11 major  hardware par t  setups;  
Bot t leneck o f  the overa l l  changeover process.  
160 
3 TIU rep lacement In ter face uni t  that  need to  be rep laced. 11 
4 PnP Process 
Required ca l ibrat ion process each t ime;  
hardware parts  are rep laced.  
9 
5 
Dry Cyc l ing wi th 
Mechanica l  Uni ts  
1st  va l idat ion process on the hardware par t  setup;  
Us ing 5 t rays o f  mechanica l  un i ts  19;  
Ensure end of  cyc le ,  100% pass wi th no 
mechanica l  defects .  
19 
6 TP download 
Sof tware coding to  instruct  tester  to  per form 
e lectr ica l  test ing.  
14 
7 
Standard Uni t  
Run 
2nd va l idat ion per formed us ing good product ion 
samples o f  1 fu l l  t ray ;  
Va l idat ion under rea l  product ion atmosphere 
Ensure a l l  un i ts  pass wi th 100% y ie ld .  
15 
8 
Wrap Up 
Act iv i t ies 
Housekeeping and c leaning up work area;  
Of f ic ia l  end of  the changeover act iv i ty  by 6 change 
in AEPT. 
6 
Tota l  240 
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4.  COUNTERMEASURE PROPOSALS 
Initially it was found the bottleneck activity, Hardware Part Setup, so it should be carefully observed the 
action more than once to figure it out the anomalies. After will be applied SMED and TRIZ techniques 
and methodologies to try eliminate the imperfections of the process, equipment and human errors of 
the system as described in Figure 33. 
The first step will focus more in applying SMED techniques to distinguish all parts that can be studied to 
improve, so it will be done the separation of the internal from external activities, then it will be need to 
standardize external activities and to end first phase, convert internal into external activities. 
The combination of SMED with TRIZ will be more related starting from next steps which will be more 
relevant where the process and hardware will suffer significant changes. This next step is to improve the 
internal activities and improve external activities, using specially the 40 principles methods of TRIZ on 
them. 
The last steps are the ones to make all this changes stabilized so the activities will be mechanized and 
when this is done the process will be seen since the beginning to complete the elimination. 
 
F igure 33 -  Proposal  Model  
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The process of the system will be the most affected by the changes which will be done where will be 
identified all the factors/members and then correctly separated to then try to delete the NVA activities. 
After, the activities left will be improved and flowing the others. 
Hardware will also suffer changes either modifying or suffering a new concept creation to be easier and 
quicker make the inherent processes of the hardware setup. 
The human dynamics will be observed to make them suitable and standardized to the process and also 
for the new changes. With these changes all process and hardware turn into most effortless and user-
friendly but also passing thru economically attractive for acquirement. 
In the end it’s expected the changeover be improved like next figure (Figure 34). 
 
F igure 34 -  Changeover Goal  System
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5.  RESULTS AND DISCUSSION 
Using the steps of the Proposal model (Figure 33) combining SMED and TRiZ techniques and methods 
improvements were made in process, as human part, as in hardware which was the one of the 3 parts 
most affected. 
5.1  Hardware Setup Opt imizat ion 
The hardware part was the one which had the most significant chance of the application of techniques. 
The contactor chuck/mandrel nest was the one who suffered the biggest improvement and most 
significant for the reducion of the changeover time. For that improvement it was used the 40 principle 
technique of TRIZ using the Dynamization (principle 15 of TRIZ) combined with the Functional Clamper 
technique of SMED. 
Dynamics allow a system or object to change to achieve optimal operation under different conditions, 
split an object or system into parts capable of moving relative to each other. If an object or system is 
rigid or inflexible, make it movable or adaptable and it increases the amount of free motion. 
Functional clamping involves securing objects with the least amount of effort. Often is used numerous 
turns of a screw to provide enough clamping resistance to secure a die or work piece. Yet, if the 
function required is clamping or holding, numerous turns are not required. We can reduce time and 
effort by minimizing motions to a single-turn, single-motion, or screwless (interlocking) fastening 
methods. The goal is to reduce the number of turns required for tightening operations to one at most. 
Combining the techniques, it was designed a new model to improve the setup of 21 steps to 6 and a 
decrease of the setup time (just of the nest) from 120 minutes to 4 minutes. In Figure 35 are the old 
hardware compared with the new one which permits the improvement of the changeover because is 
flexible and adjustable (detailed in Figure 36) instead of the old one which was rigid and unchangeable. 
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F igure 35 -  Current  nest  Vs.  New nest  
 
F igure 36 -  Deta i led new nest  f lex ib le and adjustable 
Not just the nest was improved, also was inserted a screw with just one turn instead the last one with 
multiple screws which permits screwing with less effort and faster which don't had value and just take 
time to the process. With this new screw the NVA steps were reduced and with it now it takes just 1 
minute make the screwing process instead of the old one which takes 4 minutes. 
Last improvement was a reduced number of hardware parts from 12 to 7. This reduction was possible 
due to combination of Function Checks of SMED with Local Quality (principle 3 of TRIZ). A checklist is 
useful for determining whether all the parts are where they should be, but it does not tell whether they 
are in perfect working order if the work is standardized. Consequently, it is necessary to perform 
function checks also for external setup. Failure to do this will lead inevitably to delays in internal setup 
and inadequate repairs are sometimes discovered only after test runs have been completed. One 
frequent problem were repairs which are anticipated but take longer than expected. The operation 
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begun before repairs being completed. When defective goods show up as a result, the die is hurriedly 
removed, and further repairs are made, interrupting production. It is always important to finish repairs 
before internal setup begun. 
Local Quality (principle 3 of TRIZ) enounce that instead of uniform structure of the object it is needed to 
use non-uniform structure of the object, instead of uniform structure of environment, use non-uniform 
structure of the environment. If two functions are to be performed by the same object but this is not 
possible or result in negative effects, divide the object into two parts. Redesign the object and 
environment so that each part of the object must be in conditions proper for operation. 
All the techniques together in the hardware setup improved the modification of the changeover which 
now it takes 11 minutes instead of the 160 minutes in the past. 
5.2  Process Flow Opt imizat ion 
The changeover process was improved and simplified with SMED techniques of Function Check, used 
also in hardware setup optimization, and Parallel Operations. To these techniques were also added 3 
TRIZ techniques, Combining (principle 5 of TRIZ), Segmentation (principle 1 of TRIZ) and Taking Away 
(principle 2 of TRIZ). 
Parallel functions entail having more than one worker involved in completing setup operations. 
Oftentimes, one person may waste time in movement from one side of the machine to another during 
changeover operations. Teamwork during such operations could reduce setup time. For instance, we 
can divide work on a large machine into work required to the front and to the rear of the machine. For 
safety, this requires clear signals and, sometimes, the use of safety switches where a worker can 
prevent the other from endangering him or her. 
Visual aid charts can also provide a listing of detailed steps and signals to avoid confusion and safety 
problems. Parallel operations do not require additional personnel. Cross-training neighboring personnel 
or a floor supervisor to assist in parallel operations will relieve this problem, and the help is only needed 
durirg the short internal setup stage (the one that is supposed to be reduced to less than 10 minutes). 
The extra worker is usually justified in such cases. 
With the combination of the technique it will be needed to merge (principle 5 of TRIZ) identical parts or 
components of the object in space or to merge in time. Segmentation (principle 1 of TRIZ) is known that 
we need to divide the object into independent parts, so some of its parts can be easily taken away to 
increase the degree of the object's fragmentation and the last one, Take Away (principle 2 of TRIZ), is 
used when a part of an object that interferes with other properties or influences on the object 
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negatively. If some property of the object interferes with other properties, find what part of the object is 
a carrier of the property and separate it from the object. 
The upfront setup has now just 1 external step which make the same effect of the 3 steps needed in 
old one reducing from 3 to 1 the NVA activities. Now using parallel activities at the same time internal 
and inactive time were also reduced. A group of functions of the same family are now together and 
standardized which now can be just one phase. If this phase don't add value it can be all together easily 
eliminated. New working ideas were introduced as the utilization of trolley and the utilization of 
magnifier which improve the process. 
All the techniques together in the process flow improved the modification of the changeover which now 
it takes 30 minutes instead of the 80 minutes in the past. 
5.3  Human Dynamic and Procurement Improvement 
With the improvements of the changeover process this process suffered changes. On base of the 
changes all the workers which have functions on the process need to be re-trained to adapt to the new 
reality. With the changes, the training material and also documentation need to be updated and 
registered with the Best Known Methods (BKMs) to be able to share at the company and to the same 
company group, as also companies which have same equipments. First of all theoretical were given to 
the workers and then the practical part to test and guarantee the succesful of the process before put in 
practice at the normal process of the company manufacturing. When people be trained with the new 
processes the change will be well succeeded. Just when all the workers know the process and reach 
this level, it will be the time to know the exactly number of workers needed to complete the changeover 
process, just that time all of them are familiarized with it and be able to make the exactly number shifts 
of people. 
5.4  Overal l  Opt imized Changeover Process 
The changeover duration it was 160 minutes of the hardware setup plus 80 minutes of the process flow 
which made a total of 240 minutes. Now the optimized changeover (Figure 37) takes 11 minutes of the 
hardware setup and 30 minutes of the process flow but as some steps can be made at the same time 
both combined the changeover process takes now 32 minutes to be completed which is a redution of 
86,67% of the time (table 5). 
Table 5 -  Changeover Process -  Spl i ted and Together 
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In next figure (Figure 37) it can be seen with more detail the graphic with the activities of the optimized 
changeover with the time they take, the activities and when they occur. 
 
F igure 37 -  Opt imized Changeover Process 
In Table 4 a synthesis of the new process was made with details of each activity and also the time they 
take. Now the time is reduced compared with the one presented in Table 6 because the activities suffer 
a new planification and some activities are together because of parallel operations or even because they 
were eliminated. 
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Table 6 -  Deta i led opt imized t ime for  each changeover s tep 
Sequence 
No.  
Act iv i ty  & 
Mi lestone 
Deta i ls  
Average 
t ime (min. )  
Pre Setup Phase 
Integrates Pre Changeover and Pre l iminary Sof t  
Setup phase;  
T IU rep lacement per formed in para l le l  dur ing end 
lo t  process;  
A l l  o ther  act iv i t ies are prepared upfront .  
Not  
inc luded in 
changeover 
t ime 
1 
TP Download 
3 steps are per formed as ‘ In terna l ’  task – Preform 
TP reset ,  SC in i t ia l iza t ion and ELI  input ;  
Actua l  download and TIU in i t  are per formed on the 
background. 
14 
Hardware Part  
Setups 
5 par ts  are exchangeable and not  rep laced;  
5 par ts  are changeable and need to be rep laced;  
2 par ts  were re -engineered to  min imize the setup 
t ime; 
The hardware setups are per formed in para l le l  
dur ing TP download/TIU in i t ia l iza t ion.  
2 PnP Process 
Improved process wi th reduced setup t ime;  
Pre V I  for  Dry Cyc l ing uni ts  are perormed in 
para l le l  dur ing actua l l  process. 
4.5 
3 
Dry Cyc l ing wi th 
Mechanica l  Uni ts  
Improved process wi th Dry Cyc l ing per formed wi th 
1 t ray o f  un i ts ;  
Reduced pre setup t ime and no temperature setup;  
Pre V I  for  Standard uni ts  are per formed in para l le l  
dur ing actua l  process.  
4.4 
4 
Standard Uni t  
Run 
Improved process wi th reduced setup t ime; 
AEPT state change is  per formed towards the end of  
the process.  
9.1 
Post  Changeover Act iv i t ies  
A l l  act iv i t ies per formed post  AEPT state change;  
More a l l  Wrap Up act iv i t ies  to  th is  phase 
Not 
inc luded in 
changeover 
t ime 
Tota l  32 
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5.5  Economical  Analys is 
The optimized changeover process improved the equipment utilization which passed from 70% to 87%. 
Those modifications permit to produce more units for expedition and because it takes less time now the 
production system is more flexible and not so affected by the change of demand. For this, it can be 
made shorter batches and distribute the goods better without the risk of the products turn obsolete or 
the starting materials needed to be used in other part of the production. Also if the usage of the 
machinery is bigger and efficient the number of machines which need to be used can be less or, at 
least, won't be need to buy new ones to satisfy the market with the same demand (Figure 38). 
 
F igure 38 -  The capi ta l  equipment purchase ROI 
If the changeover is standardized will make improvements decreasing the waste time which workers 
had to make it. In the old process that waste time it was about 30 minutes which now was improved to 
just 1 minute. It results in a more simple process which is much more easier to train which leads to an 
efficient and quicker process and into a better headcount management (Figure 39). 
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F igure 39 -  Cost  breakdown analys is  
The changes made an improvement to the system and because made it efficient, less resources need 
to be purchased as machinery, people or primary material which permits have a better cost per unit so 
the company can be better in the market position even if it has to practice better prices atractive to 
costumers which permit the leading of the market of the semicondutor industry. 
5.6  Cri t ical  Evaluat ion 
This case study proved that combining TRIZ with SMED had much better results than use just one of 
the methods because using both improve the process with a major reduction of the changeover 
process. 
The changeover process was about 240 minutos to make it completely and using just SMED 
methodologies we could just improve the process to 105 minutes for the changeover which was an 
optimization of just 56,25% of the time. Combining with the TRIZ techniques more aspects of the 
process were improved reducing by 86,67% of the beginning changeover time (Figure 40). 
 
F igure 40 -  T ime & %Reduct ion of  techniques 
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This TRIZ techniques were focused on the change of the hardware setup and segmenting the process 
flow and some activities at the same time SMED identified and improved the hardware parts and 
process activities. 
The SMED goal is to reach a single digit of time on the exchange of the process (less than 10 minutes) 
to be considered an optimized process. This process was reduced around 87%, even that is not an 
optimized process because to make the complete changeover it takes 32 minutes so work still needed 
to do and has improvements which can be made. 
The techniques of SMED and TRIZ focus mainly on the hardware and process but nowadays tools like 
software, IT or network computing are also a major aspect on the changeover because they are along 
all the system. The Test Program, a software part, couldn't be improved with these techniques so with 
the usage of informatic program improvement could be possible to improve it which could make a 
better performance to the changeover. 
Many of the problems and improvement were easy to identify but with TRIZ and SMED is easy, better 
and in a discriminated manner of all the problems for later be easy to know which problem first to focus 
and the best solution identified. 
SMED and TRIZ are not the best tool for human factor because they focus at the process and the 
product. Even that it was also improved but if we want a better improving of the human factor other 
Lean Production tools need to be applied together for the workers mantain focus and motivated in the 
future. 
5.7  Suggest ions to further studies 
To get the SMED target which is make the changeover less then 10 minutes some improvements need 
to be done. These are some suggestions for further studies and attemps to try the improve goal of 
reducing the time of the changeover of the test handler machine: 
• Eliminating the validation and calibration phases with more empirical data. To do it a good 
starting point could be the use of the Universality/Multi-functionality principle which is common 
used for measurement, inspection and test equipment calibration tasks which combne non 
contiguous operations of function. It says an object performs multiple functions thereby making 
other objects redundant and often can be helpful where space, time or interface complexity are 
an issue; 
• Reducing the Test Program download phase. The TRIZ tools which possibly could make some 
improvement to the software would be ideality concept, contradictions and inventive principles. 
With this tools the software could get simplified which lead to be quicker to run; 
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• Improve the hardware setup focus on the non exchangeable parts by redesign or eliminate the 
NVA activities. It can also be made a Main Parameters of Value analysis to know what 
parameters are important of the product for the client because some NVA activities can be 
removed if won’t have value or can be change for others with less impact; 
• Apply the TRIZ principles and SMED techniques suggested in this case study for any other 
applicable semiconductor based equipment. 
Using TRIZ Methodology with Lean Manufacturing Techniques applying SMED method in Industrial Environment	  
59 
6.  CONCLUSION 
The case study was focus on the changeover process of the test equipment which took too much time 
to the complete changeover which gave us a starting point because of its duration. With this were 
collected data of the changeover process with detail of the quality of the step but also the quantity of 
the activities each step took to try to find improvement chances on them. 
When the problem was well defined the techniques of SMED and TRIZ  were outlined to upgrade the 
changeover to an advanced level and it started to combine functions and standardize the process, 
remove the NVA activities and also optimize the hardware setup with new design model. 
The Japanese methodology integrated with the Russian methodology reduced the changeover process 
from 240 to 32 which was a gain of time around 87%. 
Because of the success on this case study the methodology used on it can be used in similar studies, 
specially at the semiconductor industry. 
Future Work 
Future suggestions to new developers is using the last version of TRIZ called Innovation Discipline of 
TRIZ using the MPV analysis to focus on the most productive valuable for the client, make innovation 
roadmaps, business impact justification to be able to clearly state what this will provide the business, 
mechanical technology/trends of engineeting systems evolution to be a leader company and because 
nowadays products should be good for environment and there's lots of laws for it make the synergy 
index which could lead to a better knowledge of the environmental impact made by making the 
product/process.
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ANNEX I  –  TRIZ 39 FEATURES – IMPROVING & WORSING FEATURES 
 
Figure 41 -  Improv ing & Wors ing Features 
S i te 1 -  h t tp ://www.tr iz40.com/aff_Matr ix .htm 
